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Aim: The present study aimed to characterize the prevalence of anemia and iron deficiency in older Portuguese adults,
and to compare it with the prevalence in younger individuals.

Methods: A population-based, cross-sectional study (EMPIRE study) enrolling a representative sample of 6267 adults
aged <65 years and 1617 adults aged ≥65 years was carried out. Hemoglobin, ferritin, creatinine and C-reactive protein
levels were measured by Point-of-Care tests.

Results: Anemiawasmore prevalent (P< 0.001) in participants aged ≥80 years (31.4%) comparedwith participants aged
<65 years (19.6%) and 65–79 years (17.3%). At a 30-ng/mL ferritin cut-off, iron deficiency was more prevalent in partic-
ipants aged ≥80 years (42.8%) compared with participants aged <65 years (31.5%) and 65–79 years (30.2%). Alternative
ferritin cut-offs showed overall similar patterns. Anemia and iron deficiency were significantly more prevalent in older in-
dividuals who self-reported heart failure, coronary heart disease and gastritis. Anemia was more prevalent in participants
aged<65 years in the north of Portugal and participants aged ≥65 years in central Portugal, following the prevalence of iron
deficiency in the regions. In all regions, anemia was more prevalent in participants aged ≥80 years (reaching 39.0% in
Lisbon and Tagus Valley, and 51.0% in the south).

Conclusions: Anemia and iron deficiency are highly prevalent in older Portuguese adults, particularly among those aged
≥80 years. Better diagnosis, prevention and treatment strategies should be implemented taking into account the outstand-
ing role of iron deficiency in older Portuguese adults, the differences between regions and the intrinsic characteristics of
this population. Geriatr Gerontol Int 2017; ••: ••–••.
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Introduction

Anemia is a major public health problem with special im-
pact in older individuals all over the world.1–3 Although
anemia is generally found to be more prevalent in older
adults, the extent of the condition is widely variable, de-
pending on the characteristics of the population studied,
as well as the definition of anemia used.1–3

In older adults, the etiology of anemia is frequently clas-
sified into three major categories: nutritional deficiency
(e.g. iron, folate or vitamin B12), chronic disease (e.g.
chronic kidney disease or inflammation) and unexplained

anemia.4 The role of iron deficiency in the development of
anemia in older adults is limited compared with younger
adults5,6 and, in most cases, iron deficiency in older adults
is caused by blood loss (mostly through the gastrointesti-
nal tract) instead of insufficient dietary iron intake or iron
absorption.2,5–7

Anemia is associated with increased overall morbidity
and mortality in older individuals.8–10 Anemia has been
consistently identified as an independent predictor of
mortality in older patients with cardiovascular disease.11,12

In older individuals, anemia has also been associated with
increased risk for falls13 (and fall-originated fractures14),
increased risk for hospitalization,15 cognitive impair-
ment,16 decreased quality of life17 and impaired overall
physical performance.18 Given its relevance and potential
consequences in later stages of life, anemia poses a signif-
icant public health problem in older populations. There-
fore, the condition should be fully characterized to allow
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the implementation of the most adequate management
strategies.19,20

In Portugal, the EMPIRE (Estudo epidemiológico para
determinação da prevalência da Anemia e de Défice de
Ferro na população Portuguesa, i.e. Epidemiological study
to determine the prevalence of Anemia and Iron Defi-
ciency in the Portuguese Population) study found anemia
to be a moderate public health problem, with a prevalence
of 20.6% in the general population and a trend for in-
creased prevalence in older individuals.21 Other than that,
there are still no detailed epidemiological data available for
this subpopulation. Hence, the present study aimed to
characterize the prevalence of anemia and iron deficiency
in old (aged ≥65 years) and very old (aged ≥80 years) Portu-
guese residents, and compare it with the prevalence in
younger (aged <65 years) individuals, and further stratify
according to the regions of the country and the most fre-
quent comorbidities.

Methods

Study design

The EMPIRE study is an epidemiological, cross-
sectional, population-based study that was carried out
in mainland Portugal from March to July 2013. This
was the first population-based study to characterize the
prevalence of anemia and iron deficiency in the
Portuguese population. The complete study methodol-
ogy is described elsewhere.21 This study presents a
substudy of the patterns of anemia and iron deficiency
in older individuals.

Overall, the EMPIRE study enrolled adults (aged
≥18 years), representative of the Portuguese population
selected using a random route sampling method.
Participants provided oral informed consent before any
procedure. The study received favorable feedback from
the ethics committee of the NOVA Medical
School/Faculdade deCiênciasMédicas, UniversidadeNova
de Lisboa, Lisbon, Portugal. The PortugueseNationalData
Protection Committee (CNPD, Lisbon, Portugal) approved
the study protocol and data collection forms.21

Measurements

Study participants completed a questionnaire about de-
mographic characteristics (including on-site weight and
height measurements) and medical history, including a
detailed registry of comorbidities. Levels of hemoglobin,
ferritin, C-reactive protein and creatinine were evaluated
through capillary puncture using point-of-care testing de-
vices (fully specified elsewhere21).

Definition of anemia and iron deficiency

Anemia was defined using theWorld Health Organization
hemoglobin thresholds: hemoglobin levels <13 g/dL for

men and <12 g/dL for non-pregnant women. Iron
deficiency was classified according to different cut-offs of
ferritin: <15 ng/mL, <30 ng/mL, <50 ng/mL and
<100 ng/mL.

Statistical analysis

In the present substudy, the population was stratified by
age. The prevalence of anemia and iron deficiency were
firstly compared between participants aged <65 years
versus participants aged ≥65 years. Then the population
was further stratified into participants aged <65 years old
versus participants aged 65–79 years versus participants
aged ≥80 years.

Categorical data were expressed as percentages,
whereas continuous data were expressed as mean and
standard deviation. Prevalence estimates were calculated
as percentages, accompanied by the respective 95% confi-
dence interval (CI). Independent sample t-test or χ2-tests
were used for bivariate analysis as appropriate. All analyses
were carried out at a 5% significance level.

Analyses were carried out using SPSS for Windows,
version 16.0 (SPSS, Chicago, IL, USA), except for the
95% CI for prevalence estimates, calculated using
OpenEpi, version 3.01 (Open source software developed
by Andrew G. Dean, Kevin M. Sullivan, Minn Minn Soe,
and Roger A. Mir).22

Results

Study population

The study comprised 6267 (79.5%) participants aged
<65 years and 1617 (20.5%) participants aged ≥65 years;
1187 (15.1%) were aged 65–79 years and 430 (5.5%) were
aged ≥80 years. A total of 46.9% of participants aged
<65 years were men, compared with 48.7% of partici-
pants aged ≥65 years. A total of 49.1% of participants aged
65–79 years and 47.7% of participants aged ≥80 years
were men.

Participants were mostly Caucasian (94.7% to 97.3%),
independently of age stratification. Representation of age
groups varied between regions of the country. In the
north, participants aged ≥65 years were underrepresented
(28.4% vs 38.5%), whereas in Lisbon and Tagus Valley
participants aged ≥65 years were overrepresented (36.0%
vs 25.8%). The vast majority of participants followed an
unrestricted diet, regardless of age stratification, but there
was a trend for more participants aged<65 years to follow
restricted diets (2.9% vs 1.1%).

Heart failure (19.9%), diabetes mellitus (15.3%),
hypertension (15.2%), coronary heart disease (14.7%),
dyslipidemia (8.6%), gastritis (7.5), gastric or duodenal ul-
cer (6.5%), kidney failure (6.2%), respiratory disease
(6.1%) and cancer (5.9%) were the medical conditions
more frequently reported by participants aged ≥65 years,
being largely more frequent in this age group compared
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with younger participants and, with the exception of gas-
tric or duodenal ulcer, more frequent among participants
aged ≥80 years than participants aged 65–70 years.

Hemoglobin distribution

Figure 1 presents the levels of hemoglobin concentration
according to age. Mean hemoglobin concentration levels
peaked in participants aged 36–40 years, and then
gradually decreasedwith age.Older adults (aged ≥65 years)
had a mean (�SD) hemoglobin concentration of
13.5 g/dL (1.6 g/dL) in women and 14.0 g/dL (1.5 g/dL)
in men.Women presented overall lower hemoglobin con-
centration, which is reflected in the frequency distribution
presented in Figure 1b. The fifth percentile of the fre-
quency distribution was 10.6 g/dL for women and
11.3 g/dL for men; the 2.5th percentile was 10.0 g/dL for
women and 10.7 g/dL for men.

When applying a conservative stratification of the study
population using criteria based on previously published
studies (n = 575, 36.6% of older participants, 16.0% of

older men and 54.2% of older women) to select healthy
older adults (healthy status defined as having body mass
index ≥8 and ≤35 kg/m2, glomerular filtration rate
≥30 mL/min/1.73 m2, being non-smoker, being
non-consumer of alcohol, having no history of anemia
treatment, having no history of recent surgery, having
not reported acute illness at the time of the study), men
had a mean hemoglobin concentration of 13.6 g/dL
(1.4 g/dL) and women of 13.0 g/dL (1.6 g/dL) \
(Fig. 1c).23,24 The fifth percentile was 10.5 g/dL for women
and 11.2 g/dL for men; the 2.5th percentile was 9.6 g/dL
for women and 10.7 g/dL for men.

Prevalence of anemia

The prevalence of anemia in participants aged <65 years
(19.6%, 95%CI 19.7–22.4) was lower than in participants
aged ≥65 years (21.0%, 95% CI 19.1–23.1), though not
reaching statistical significance (P = 0.198; Table 1). Ane-
mia showed a trend for higher prevalence in women aged
<65 years (21.0%, 95% CI 19.7–22.4 vs 19.9%, 95% CI

Figure 1 (a) Mean level of hemoglobin concentration in the study population by sex. (b) Frequency distribution of hemoglobin
concentration in older (aged ≥65 years) participants by sex. (c) Frequency distribution of hemoglobin concentration in healthy older
(aged ≥65 years) participants by sex. Healthy status defined as having body mass index ≥8 and ≤35 kg/m2, glomerular filtration rate
≥30mL/min/1.73m2, being a non-smoker, being a non-consumer of alcohol, having no history of previous anemia treatment, having no
history of recent surgery and having not reported acute illness at the time of the study.
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17.3–22.7; P = 0.478), whereas among men it was signifi-
cantly more prevalent in those aged ≥65 years (22.2%,
95% CI 19.4–25.2 vs 18.0%, 95% CI 16.6–19.4;
P = 0.007).

In the north, anemia was more prevalent in
participants aged <65 years (18.8%, 95% CI 17.3–20.4
vs 13.3%, 95% CI 10.2–16.4; P = 0.004), whereas in
central Portugal, anemia was more prevalent in partici-
pants aged ≥65 years (23.1%, 95% CI 19.2–27.4 vs
13.4%, 95% CI 11.8–15.3; P < 0.001). Anemia
prevalence did not vary significantly according to
race/ethnicity and diet in younger versus older partici-
pants, with the exception of lower prevalence in older

vegetarian participants (5.6%, 95% CI 0.3–24.5% vs
28.7%, 95% CI 22.3–35.7; P = 0.016).

When considering self-reported medical conditions,
anemia was significantly more prevalent in older
participants with a history of gastritis (24.0%, 95% CI
17.0–32.2 vs 13.7%, 95%CI 9.3–19.2; P = 0.020) and kid-
ney failure (38.6%, 95% CI 29.5–48.4 vs 19.2%, 95% CI
9.8–32.2; P = 0.019). Anemia was also more prevalent in
participants aged ≥65 years with a measured glomerular
filtration rate <30 mL/min/1.73m2 (59.2%, 95% CI
45.1–73.3 vs 31.2%, 95% CI 24.6–38.4; P < 0.001.

Table 1 shows the measured prevalence of anemia ac-
cording to the characteristics of participants, further

Table 1 Measured prevalence of anemia by age group

Characteristic Prevalence of anemia, % (95% CI)

<65 years (n = 6267) 65–79 years (n = 1187) ≥80 years (n = 430) P-value

Total population 19.6 (18.6–20.6) 17.3 (15.2–19.5) 31.4 (27.1–35.9) <0.001

Sex
Male (n = 3730) 18.0 (16.6–19.4) 18.0 (15.1–21.3) 34.2 (27.9–40.8) <0.001
Female (n = 4154) 21.0 (19.7–22.4) 16.6 (13.8–19.7) 28.9 (23.3–35.1) <0.001

Race/ethnicity
Caucasian (n = 7656) 19.6 (18.6–20.6) 17.1 (15.0–19.3) 30.7 (26.4–35.3) <0.001
Black (n = 194) 20.3 (14.5–27.2) 27.3 (11.9–48.3) 36.8 (17.8–59.7) 0.257
Indian (n = 17) 25.0 (4.4–61.2) 22.2 (3.9–56.2) NA 0.893
Asian (n = 17) 10.0 (0.5–40.4) 0.0 (0.0–63.2) 75.0 (24.2–98.8) 0.023

Region of the country
North (n = 2872) 18.8 (17.3–20.4) 11.9 (9.0–15.5) 19.3 (11.9–28.8) 0.005
Central (n = 1854) 13.4 (11.8–15.3) 22.0 (17.1–27.5) 24.8 (18.6–32.1) <0.001
Lisbon and Tagus Valley (n = 2200) 24.2 (22.1–26.3) 17.9 (14.5–21.7) 39.0 (31.2–47.2) <0.001
South (n = 954) 23.8 (20.9–26.9) 22.0 (15.3–29.9) 51.0 (37.2–64.8) <0.001

Diet
Unrestricted (n = 7683) 19.3 (18.3–20.3) 17.5 (15.4–19.7) 31.4 (27.1–35.9) <0.001
Ovolacto vegetarian (n = 10) 30.0 (8.3–62.0) NA NA NA
Vegetarian (n = 189) 28.7 (22.3–35.8) 5.6 (0.3–24.5) NA 0.016
Vegan (n = 2) 50.0 (2.5–97.5) NA NA NA

Medical history
Heart failure (n = 400) 28.2 (19.1–38.9) 16.9 (12.0–22.8) 31.9 (24.5–40.0) 0.005
Diabetes mellitus (n = 373) 16.7 (10.9–23.9) 18.0 (12.5–24.8) 23.7 (16.1–32.9) 0.379
Hypertension (n = 395) 17.3 (11.9–24.0) 21.8 (15.7–29.0) 27.6 (19.4–37.0) 0.159
Coronary heart disease (n = 303) 26.2 (16.6–37.8) 17.8 (12.5–24.2) 30.7 (21.0–41.8) 0.068
Dyslipidemia (n = 302) 13.5 (8.9–19.4) 18.4 (11.3–27.6) 11.5 (4.8–22.5) 0.460
Gastritis (n = 311) 13.7 (9.3–19.1) 18.7 (11.0–28.7) 32.6 (20.3–47.1) 0.010
Gastric or duodenal ulcer (n = 231) 15.1 (9.6–22.1) 18.0 (10.6–27.6) 11.1 (2.9–27.3) 0.682
Kidney failure (n = 148) 19.2 (9.8–32.2) 34.0 (21.9–47.9) 43.1 (30.1–56.9) 0.039
Respiratory disease (n = 276) 26.6 (20.4–33.4) 20.0 (11.6–31.0) 26.5 (13.8–43.1) 0.567
Cancer (n = 157) 32.3 (21.5–44.6) 25.8 (16.3–37.3) 34.5 (19.0–52.9) 0.608

NA, not applicable.
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stratifying by age group. Anemia was more prevalent in
participants aged ≥80 years (31.4%) and less prevalent
in participants aged 65–79 years (17.3%). The increased
prevalence of anemia in participants aged ≥80 years is as
a result of the increased prevalence in men (34.2%) and
women (28.9%), whereas the decreased prevalence of
anemia in participants aged 65–79 years is mostly due
to the decreased prevalence in women (16.6%). In all re-
gions of the country, anemia was more prevalent in par-
ticipants aged ≥80 years (reaching 39.0% in Lisbon and
Tagus Valley, and 51.0% in the south). The prevalence
of anemia gradually increased with age in participants
with a history of gastritis and kidney failure. In partici-
pants aged ≥80 years with a history of heart failure, the

prevalence of anemia (31.9%) was significantly increased
(P = 0.005).

Prevalence of iron deficiency

The prevalence of iron deficiency (defined as ferritin
<30 ng/mL) in participants aged <65 years (31.5%, 95%
CI 30.3–32.6) was lower than in participants aged
≥65 years (33.5%, 95% CI 31.3–35.9), though not
reaching statistical significance (P = 0.114). Iron deficiency
(ferritin <30 ng/mL) was generally more prevalent in par-
ticipants aged ≥65 years, except among northern, black
and vegetarian participants (Table 2). Alternative ferritin
cut-off levels showed an overall similar pattern, except at

Table 2 Measured prevalence of iron deficiency, defined as ferritin <30 ng/mL, by age group

Characteristic Prevalence of iron deficiency (<30 ng/mL), % (95% CI)

<65 years (n = 6267) 65–79 years (n = 1187) ≥80 years (n = 430) P-value

Total population 31.5 (30.3–32.6) 30.2 (27.6–32.8) 42.8 (38.2–47.5) <0.001

Sex
Male (n = 3730) 24.6 (23.0–26.2) 23.7 (20.4–27.3) 37.6 (31.1–44.3) <0.001
Female (n = 4154) 37.6 (35.9–39.2) 36.4 (32.7–40.3) 47.6 (41.1–54.1) 0.008

Race/ethnicity
Caucasian (n = 7656) 31.3 (30.1–32.4) 30.0 (27.4–32.7) 43.7 (39.0–48.6) <0.001
Black (n = 194) 41.2 (33.6–49.1) 31.8 (15.1–53.1) 26.3 (10.3–49.1) 0.356
Indian (n = 17) 25.0 (4.4–61.2) 44.4 (16.1–76.0) NA 0.399
Asian (n = 17) 20.0 (3.5–52.0) 33.3 (1.7–86.8) 25.0 (1.3–75.8) 0.894

Region of the country
North (n = 2872) 31.5 (29.7–33.4) 23.9 (19.8–28.4) 38.6 (28.6–49.3) 0.003
Central (n = 1854) 24.2 (22.0–26.4) 26.8 (21.6–32.6) 29.9 (23.2–37.4) 0.225
Lisbon and Tagus Valley (n = 2200) 40.0 (37.6–42.4) 36.7 (32.3–41.3) 50.4 (42.1–58.6) 0.016
South (n = 954) 27.2 (24.2–30.4) 32.5 (24.7–41.2) 69.4 (55.5–81.0) <0.001

Diet
Unrestricted (n = 7683) 30.8 (29.7–32.0) 30.0 (27.5–32.7) 42.8 (38.2–47.5) <0.001
Ovolacto vegetarian (n = 10) 60.0 (29.1–85.8) NA NA NA
Vegetarian (n = 189) 52.6 (45.1–60.0) 38.9 (18.9–62.3) NA 0.267
Vegan (n = 2) 50.0 (2.5–97.5) NA NA NA

Medical history
Heart failure (n = 400) 38.5 (28.2–49.6) 40.8 (33.8–48.0) 55.8 (47.4–63.9) 0.010
Diabetes mellitus (n = 373) 39.7 (31.4–48.4) 46.0 (38.1–54.0) 50.5 (40.6–60.4) 0.260
Hypertension (n = 395) 28.7 (21.9–36.3) 36.7 (29.2–44.8) 36.7 (27.6–46.6) 0.258
Coronary heart disease (n = 303) 33.9 (23.2–46.0) 37.4 (30.2–45.1) 62.7 (51.3–73.0) <0.001
Dyslipidemia (n = 302) 26.4 (20.1–33.6) 37.9 (28.2–48.5) 26.9 (16.2–40.1) 0.145
Gastritis (n = 311) 24.2 (18.5–30.7) 41.3 (30.6–52.7) 52.2 (37.8–66.3) <0.001
Gastric or duodenal ulcer (n = 231) 31.8 (24.1–40.3) 43.6 (32.9–54.7) 55.6 (36.7–73.3) 0.037
Kidney failure (n = 148) 38.3 (25.3–52.7) 58.0 (44.1–71.0) 66.7 (53.0–78.5) 0.016
Respiratory disease (n = 276) 39.6 (32.5–46.9) 55.4 (43.2–67.1) 61.8 (44.8–76.8) <0.001
Cancer (n = 157) 43.6 (31.6–56.1) 40.9 (29.6–53.0) 51.7 (33.8–69.3) 0.618

NA, not applicable.

Anemia and iron deficiency in older adults

© 2017 Japan Geriatrics Society | 5



ferritin<100 ng/mLwith which the prevalence of iron de-
ficiency was fairly similar between participants aged
<65 years and ≥65 years (84.4% vs 84.4%; Supporting
information, Appendix 1).

Table 2 shows the measured prevalence of iron defi-
ciency (ferritin <30 ng/mL) according to the characteris-
tics of participants, further stratifying by age group. Iron
deficiency was more prevalent in participants aged
≥80 years (42.8% in the overall group), particularly among
southern residents (69.4%), and those with a history of
heart failure (55.8%), kidney failure (66.7%), coronary
heart disease (62.7%), gastritis (52.2%) and respiratory
disease (61.8%). Conversely, iron deficiency was less prev-
alent in black participants aged ≥80 years (26.3%) and
northern residents aged 65–79 years (23.9%).

The measured prevalence of iron deficiency according
to the characteristics of participants by age group for the
ferritin cut-off levels of 15 ng/mL, 50 ng/mL and
100 ng/mL is presented as Supporting information,
Appendix 1. Overall, the iron deficiency at the cut-off
levels followed similar patterns to those mentioned for
ferritin <30 ng/mL, although the differences observed
between age groups for the 50 and 100 ng/mL cut-offs
were of lesser magnitude.

Prevalence of iron deficiency anemia

The prevalence of anemia attributable to iron deficiency
(i.e. participants with both anemia and iron deficiency de-
fined as ferritin<30 ng/mL) in participants aged<65 years
(11.0%,95%CI10.3–11.8)was higher than inparticipants
aged ≥65 years (10.6%, 95% CI 9.2–12.2), but the
difference was not statistically significant (P = 0.668). Iron
deficiency anemia was generally more prevalent in partici-
pants aged<65 years when considering the ferritin cut-off
levels of 15 ng/mL and 30 ng/mL, with the exception of
men, black participants and those residing in the central
and southern regions. In contrast, when considering the
ferritin cut-off levels of 50 ng/mL and 100 ng/mL, iron de-
ficiency anemia tended to be more prevalent in partici-
pants aged ≥65 years, except for women, Caucasians,
participants residing in the north and Lisbon and Tagus
Valley, and vegetarians. Irondeficiency explained anoverall
smaller percentage of cases of anemia in older participants
(aged ≥65 years): 25.9% (vs 29.8% in younger participants)
for ferritin <15 ng/mL, 56.2% (vs 50.6%) for ferritin
<30 ng/mL, 70.9% (vs 76.6%) for ferritin <50 ng/mL
and 90.3% (vs 93.4%) for ferritin <100 ng/mL.

Table 3 shows the measured prevalence of iron
deficiency anemia (ferritin <30 ng/mL) according to the
characteristics of participants, further stratified by age
group. The measured prevalence of iron deficiency
anemia according to the characteristics of participants by
age group for the ferritin cut-off levels of 15 ng/mL,
50 ng/mL and 100 ng/mL is presented as Supporting in-
formation, Appendix 1. Iron deficiency anemia was more

prevalent in participants aged ≥80 years (18.1%), and less
prevalent in participants aged 65–79 years (7.9%) for a
ferritin cut-off level of <30 ng/mL. This trend was
maintained for all ferritin cut-off levels applied and the
vast majority of participants’ characteristics assessed. Iron
deficiency (ferritin <30 ng/mL) explained a greater pro-
portion of cases of anemia in participants aged ≥80 years
(57.8%) and a smaller proportion in participants aged
65–79 years (26.3%), compared with participants aged
<65 years (56.2%). A similar trend was observed for the
remaining cut-offs.

Discussion

The present study found anemia and iron deficiency to be
highly prevalent in Portuguese older adults. These condi-
tions were generally more prevalent in older individuals,
being particularly frequent in those aged ≥80 years. Given
the consequences of these conditions in older persons,
these findings highlight a major public health problem in
the country.

Anemia was found to be more prevalent in individuals
aged ≥65 years compared with individuals aged<65 years,
but the difference was not statistically significant, which
might be due to the fact that it is also particularly prevalent
in young adults (≤35 years), and specifically in young
women.21 Anemia was also significantly more prevalent
in very old individuals (aged ≥80 years), which would be
expected based on epidemiological data from other re-
gions.2 In any case, the prevalence estimates obtained for
the older Portuguese population were above what has
been reported in other population-based studies carried
out in developed regions. In a large population study car-
ried out in Italy,25 anemia had a prevalence of 14.2% in in-
dividuals aged ≥65 years, whereas a large prospective
cohort study in the USA showed a prevalence of 10.6%.4

Actually, the results obtained from the present study are
more in line with results from studies carried out in hospi-
tal settings that include both inpatients and outpatients. A
recently published study from a large institutional cohort
of older individuals in Austria showed an overall preva-
lence of anemia of 21.1%, which is consistent with the
present findings.26 However, given the population-based
nature of our study, anemia appears to be more prevalent
in Portuguese older adults.

Iron deficiency was highly prevalent in older Portu-
guese adults. However, the coexistence of iron deficiency
and anemia was actually more frequent in young individ-
uals, as would be expected from the patterns of prevalence
of this condition in young Portuguese adults and the
known etiology of anemia in older populations.2 Still, in
the present study, iron deficiency explained a substantially
larger proportion of cases of anemia in older individuals
compared with other studies. At a ferritin cut-off level of
15 ng/mL, iron deficiency explained approximately 25%
of anemia cases in participants aged ≥65 years; whereas
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in studies carried out in other regions, it is typically associ-
ated with approximately 15% of cases.4,25

In older populations, other causes beyond iron defi-
ciency (either functional or absolute) are associated with
the development of anemia, which explains the substan-
tially different rates of anemia, iron deficiency and iron de-
ficiency anemia found in the present study. In this
population, anemia of chronic disease or anemia or in-
flammation are expected to represent a substantial portion
of cases. Actually, anemia and iron deficiency were more
prevalent in old (aged ≥65 years) and very old (aged
≥80 years) individuals self-reporting associated

comorbidities, such as heart failure, coronary heart dis-
ease, gastritis and gastric ulcer. These findings are in line
with previously published data showing that, in older pop-
ulations, anemia and iron deficiency tend to be associated
with chronic disease.1,2,20

In the present study, mean hemoglobin levels in older
individuals were reduced compared with findings from
previous studies, particularly among men.23 When con-
sidering a stratification of healthy older adults with conser-
vative criteria similar to those applied in previous studies,
both the 2.5th and fifth percentiles of hemoglobin distri-
bution were far below previous estimates.23 However, it

Table 3 Measured prevalence of iron deficiency anemia, defined as the presence of anemia and ferritin <30 ng/mL, by
age group

Characteristic Prevalence of iron deficiency anemia (<30 ng/mL), % (95% CI)

<65 years (n = 6267) 65–79 years (n = 1187) ≥80 years (n = 430) P-value

Total population 11.0 (10.3–11.8) 7.9 (6.5–9.6) 18.1 (14.7–22.0) <0.001

Sex
Male (n = 3730) 9.2 (8.2–10.3) 7.6 (5.6–9.9) 17.6 (12.8–23.2) <0.001
Female (n = 4154) 12.6 (11.5–13.8) 8.3 (6.3–10.7) 18.7 (14.0–24.2) <0.001

Race/ethnicity
Caucasian (n = 7656) 10.9 (10.2–11.7) 7.7 (6.3–9.4) 17.9 (14.4–21.9) <0.001
Black (n = 194) 15.0 (10.0–21.4) 13.6 (3.6–32.8) 21.1 (7.1–43.3) 0.780
Indian (n = 17) 12.5 (0.6–48.0) 22.2 (3.9–56.2) NA 0.596
Asian (n = 17) 0.0 (0.0–25.9) 0.0 (0.0–63.2) 25.0 (1.3–75.8) 0.211

Region of the country
North (n = 2872) 11.3 (10.1–12.6) 5.0 (3.2–7.6) 8.4 (3.8–16.0) 0.001
Central (n = 1854) 6.0 (4.9–7.3) 8.9 (5.8–13.0) 13.4 (8.7–19.4) 0.001
Lisbon and Tagus Valley (n = 2200) 14.7 (13.1–16.5) 8.8 (6.5–11.8) 24.8 (18.2–32.5) <0.001
South (n = 954) 11.8 (9.7–14.2) 11.4 (6.6–17.9) 30.6 (19.0–44.5) 0.001

Diet
Unrestricted (n = 7683) 10.9 (10.1–11.7) 8.0 (6.5–9.6) 18.1 (14.7–22.0) <0.001
Ovolacto vegetarian (n = 10) 10.0 (0.5–40.4) NA NA NA
Vegetarian (n = 189) 15.2 (10.4–21.2) 5.6 (0.3–24.5) NA 0.217
Vegan (n = 2) 50.0 (2.5–97.5) NA NA NA

Medical history
Heart failure (n = 400) 19.2 (11.6–29.1) 10.3 (6.5–15.4) 21.7 (15.5–29.2) 0.015
Diabetes mellitus (n = 373) 10.3 (5.9–16.6) 12.0 (7.5–18.0) 19.6 (12.6–28.4) 0.106
Hypertension (n = 395) 8.7 (4.9–14.0) 10.9 (6.6–16.7) 19.4 (12.5–28.1) 0.034
Coronary heart disease (n = 303) 10.8 (4.8–20.1) 7.4 (4.1–12.2) 20.0 (12.1–30.2) 0.016
Dyslipidemia (n = 302) 7.4 (4.1–12.2) 14.9 (8.6–23.6) 7.7 (2.5–17.5) 0.134
Gastritis (n = 311) 5.3 (2.7–9.2) 14.7 (8.0–24.1) 19.6 (10.0–32.9) 0.003
Gastric or duodenal ulcer (n = 231) 6.3 (3.0–11.7) 10.3 (4.9–18.5) 3.7 (0.2–16.9) 0.432
Kidney failure (n = 148) 17.0 (8.2–29.8) 18.0 (9.2–30.5) 29.4 (18.2–42.9) 0.247
Respiratory disease (n = 276) 15.3 (10.5–21.1) 7.7 (2.9–16.2) 17.7 (7.5–33.1) 0.249
Cancer (n = 157) 24.2 (14.8–36.0) 7.6 (2.8–16.0) 31.0 (16.3–49.4) 0.008

NA, not applicable.
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should be pointed out that the present study was not pri-
marily designed to establish hemoglobin thresholds, and
the criteria used to define “health individuals” are widely
debatable.

The EMPIRE study was designed to primarily evaluate
the prevalence of anemia and iron deficiency in the overall
Portuguese population and, therefore the World Health
Organization hemoglobin thresholds were used to define
anemia. These thresholds are currently under scrutiny re-
garding their application in older individuals, which could
constitute a limitation of the study.23 Nevertheless, as
there is not yet substantial agreement on specific thresh-
olds for older individuals, we maintained the definition
of anemia used for the overall population. Given the
population-based design of the present study, comorbidi-
ties and overall medical history were considered as
reported by study participants. Nevertheless, the question-
naire completed by study participants contained specific
questions for the more relevant comorbidities in the
context of anemia and iron deficiency, aimed at limiting
the effects of recall bias. Another possible limitation is as-
sociated with the use of ferritin as the main maker of iron
status. Ferritin is less reliable in assessing iron status in
older individuals, being routinely complemented by other
assessments in clinical practice.2,5 Here, it was not possible
to use complementary assessments and, therefore, we pro-
vide estimates for various cut-offs of ferritin to account for
increased ferritin levels associated with chronic disease in
older individuals.

The present study further extends the accumulating
body of evidence on the significant and extended impact
of anemia and iron deficiency among older adults. Further
studies need to be carried out in this specific population to
thoroughly establish the underlying pathogenic mecha-
nisms, as well and the relationship between comorbidities
and the development of anemia and iron deficiency.

In conclusion, anemia and iron deficiency are highly
prevalent in older Portuguese adults, particularly among
those aged 80 years or older, posing a major public health
problem. Better diagnosis, prevention and treatment strat-
egies need to be implemented. These should take into ac-
count the outstanding role of iron deficiency in the
development of anemia among older Portuguese adults,
the differences between regions and the intrinsic charac-
teristics of this population.
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